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(57) A photodynamic diagnosis or a photodynamic 
therapy of IDDM and pancreatic insulitis can be con- 
ducted by administering a fluorescent photosensitizer 
which has a property capable of being uptaken specifi- 
cally by the macrophages having infiltrated the inflam- 
matory sites of Langerhans islets of the pancreas in- 
duced by pancreatic Insulitis, or an X-ray absorbing sub- 
stance which has a property capable of being uptaken 
specifically by the infiltrating macrophages present in 
the Inflammatory sites of Langerhans islets and capable 
of absorbing an X-ray upon Irradiation of the X-ray; then 
either irradiating a part of the pancreas containing there- 
in the macrophages having infiltrated the inflammatory 
lesion sites of pancreatic insulitis, with an excited light 
ray or an X-ray, and observing a fluorescence or an X- 
ray absorption occumng in said inflammatory sites of 
Langerhans Islets, or irradiating the pancreas or a part 
thereof with a light ray or an X-ray at a high Inadiance 
of the irradiated ray sufficient to permit that the irradiated 
photosensitizer or X-ray absorbing substance uptaken 
and accumulated in the infiltrating macrophages can 
damage or destroy the macrophages. There is now pro- 
vided a diagnostic composition or a therapeutic compo- 



sition which is suitable for the purpose of the diagnosis 
or therapy described above. 
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Description 
Technicai Field 

5 [0001] This invention relates to diagnostic compositions for diagnosing insulin-dependent diabetes mellitus (abbre- 
viated sometimes as IDDM) and pancreatic insulitls by a photodynamic diagnosis (abbreviated sometimes as PDD), 
and to therapeutic compositions for treating therapeutically IDDM and pancreatic insulitis by a photodynamic therapy 
(abbreviated sometimes as PDT). 

[0002] This invention also relates to a photodynamic diagnostic method and a photodynamic therapeutic method for 
10 IDDM and pancreatic Insulitis, comprising administration of a photosensitizer or an X-ray absorbing substance. 

[0003] Further, this invention relates to uses of a photosensitizer oran X-ray absorbing substance, in the manufacture 
of phamiaceutical products for diagnosing ortreating IDDM and pancreatic insulitis, by a PDD method or a PDT method. 

Background Art 

15 

[0004] Diabetes mellitus is a disease of which major characteristic is a chronic hyperglycemia attributable to a defi- 
ciency of the action of insulin in the body of the patient and which is accompanied by a variety of metabolic disorders 
characteristic to diabetes mellitus. Diabetes mellitus is classified into insulin-dependent diabetes mallitus (IDDM) and 
non-insulln-dependent diabetes mellitus. IDDM, which occurs clinically most in the ages of infancy or youth, is a dia- 

20 betes mellitus which can be diagnosed before the 30 years of age. IDDM amounts to 10 to 15% of the whole of the 
patients of diabetes mellitus. In IDDM, the symptom of hyperglycemia occurs abruptly, and IDDM advances to a con- 
dition called diabetic l<etoacidosis when a therapy of IDDM by administration of insulin is omitted. 
[0005] Clinical onset of IDDM is said to occur due to that destruction of the insulin-secreting Langerhans islet p cells 
In the pancreas was Induced at a high degree of 90% or more by autoimmune reactions and that the secretion of insulin 

25 from pancreas has temninated entirely or substantially. 

[0006] It is reported that, even before the clinical onset of IDDM, pancreatic insulitis induced due to the autoimmune 
reactions has occun-ed already in the pancreas. Pancreatic insulitis is meant by conditions such that, due to the au- 
toimmune reactions, the inflammation cells, including T lymphocytes, other lymphocytes and macrophages, become 
surrounding many pancreatic islets, namely Langerhans islets, in the pancreatic inflammatory sites, and that the lym- 

30 phocytes and macrophages are present to have Infiltrated the interior of the inflammatory pancreatic islets (Langerhans 
islets). In the inflammatory pancreatic islets which have been Infiltrated by the T lymphocytes and macrophages, the 
insulin-secreting pancreatic islet p cells are selectively attacked or damaged, and the damaged p cells are phagocy- 
tosed by the macrophages and finally disappeared. Due to the pancreatic insulitis. the Langerhans islets present in 
the Langerhans Islet inflammatory sites can commence to defomn, and further all or a large portion of the p cells in the 

35 Inflammatory sites of Langerhans Islets disappeared, so that the secretion of Insulin from pancreas stops and the 
inflammatory Langerhans islets themselves disappeared ultimately. 

[0007] In order to succeed In achieving a therapy of IDDM after the onset of IDDM. it is necessary to initiate the 
therapy of IDDM at the earliest stage of IDDM and to supply exogenous insulin externally to a patient of IDDM who 
has been deprived of the ability to produce insulin in vivo. It is desirable that the therapy of IDDM is effected by con- 
40 ducting a therapeutic treatment to stop the autoimmune reactions causative for IDDM. so that the supply of exogenous 
insulin can be made unnecessary. To these ends, the progress of the pancreatic insulitis and IDDM should necessarily 
be stopped within a period when the patient has still retained a number of the pancreatic p cells which is enough to 
produce a sufficient amount of endogenous insulin. 

[0008] In usual, diagnosis of IDDM is candied out mainly by judging whether patient's reactions with an antibody ICA 
45 (namely. Islet Cell Antibody) against pancreatic cells, for example an anti-insulin autoantibody (lAA) or an anti-GAD 
(namely! glutamic acid decarboxylase) antibody, are positive or not, and additionally by examining serum C-peptide 
reaction of the patient through a glucagon loading test which is a method of evaluating an ability of the patient to secrete 
endogenous insulin, with reference to the clinical progress of the patient such as mode of the onset of IDDM and the 
presence or absence of ketosls. as well as examination of HLA type [refer to Shimada's article titled Morbid State of 
50 Type I Diabetes Mellitus and its Guideline for Diagnosis: Mebio 2, pp.28-38 (2000)]. However, diagnosis of IDDM made 
In all of these examination criteria is not yet detemninative as a reliable examination indicator for detecting the destruc- 
tion of pancreatic p celts. 

[0009] Further, the usual Insulin therapy may be effective in treatment of IDDM, but insulin should necessarily be 
injected regularly every day to keep the life of the patient. Creation of a physiological pattern of spontaneous insulin 
55 secretion of patient which is attained by the supply of exogenous insulin is considered to bring about a good control 
of the blood-sugar level, and an enhanced Insulin therapy comprising a continuous subcutaneous insulin Infusion is 
actively used. 

[0010] However, with an administered prompt insulin preparation, a time of about 2 hours is required to reach the 
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peak of the therapeutic action, and a time of about 6 to 8 hours passes before the therapeutic action of insulin disap- 
pears Accordingly, there often occurs a case where, in the Insulin therapy, a phenomenon such as hypoglycemia 
appears in 3 to 4 hours after a meal. Further, even after the Insulin therapy has been initiated with IDDIW patients, 
icetoacidosis may occur upon omission of the insulin injection or under the affection of stresses as induced by infectious 
diseases accidents or severe medical treatment. Further, the insulin therapy is a symptomatic therapy and the onset 
of IDDIVI occurs In persons of young age. so that the injection of exogenous insulin is required every day for a long 
period of years, which gives a heavy burden on the patients. Accordingly, there is now still a demand for a new ther- 
apeutic method for IDDM, which can practically substitute for the usual insulin therapy. 

[001 1 ] As described above. IDDM onsets as a result of the selective destmctlon of the Insulin-secreting pancreatic 
B cells by the autoimmune reactions, which destruction was induced to a high degree of 90% or more. Recently, it was 
reported that just after the onset of IDDM in IDDM animal model, about 30% of the pancreatic p cells can remain 
survived without being destroyed, and also that, in the IDDM animal model, just before the onset of IDDM. the total 
volume of the pancreatic p cells can maintain their original volume [refer to Shimada et al's. articles; Diabetes. 45. pp. 
1 063-1 067 (1 996)] Further, it is also reported for humans that human patients of anti-GAD-antibody-positive diabetics 
who have an ameliorated ketosis by a dietary cure, or human patients of autoantibody-positive diabetics who have 
developed diabetes mellitus by ketoacidosis, can become needless to be supplemented with exogenous insulin be- 
cause the disappearance of autoantibody was attained [refer to Morimoto et al. Diabetes care. 21(11). pp.2037-2039 
(1998)1 

[001 2] From these reports of Shimada et al and Morimoto et al's articles, it can be estimated that a large number of 
the surviving pancreatic p cells remain alive still at an initial stage immediately before or after the onset of IDDM in 
humans without being destroyed by the autoimmune reactions. Accordingly, if early diagnosis of IDDM can be made 
possible and if a therapeutic treatment for inhibition or tennination of the autoimmune reactions causative for IDDM, 
can b^ conducted at an early stage immediately before or atter the onset of IDDM, namely if early therapy of IDDM 
can be effected thereby, the destmctlon of pancreatic p ceils can be minimized, while the Langerhans islets can still 
secure their ability to produce endogenous insulin. When earty treatment of IDDM can thus be accomplished, the IDDM 
patient can be set free from the long tenn Injection of exogenous Insulin. 

[0013] For study of IDDM. there are fortunately available many kinds of useful animal models such as BB rats and 
NOD mtee. and such IDDM animal models can be used to study the mechanism of the onset of IDDM as well as 
therapeutic methods for IDDM (refer to Rossini et al. Ann Rev. Immunol., 3, pp. 289-320 (1985)). 
[001 41 it is known that in particular. BB rats, either male or female, can develop IDDM on Day 60 to Day 1 20 after 
birth and IDDM as developed In the BB rats is similar in many respects to human IDDM (Like AA et afs article. J. Exp. 
Med' 164 pp 1145-1159(1986). Thus, ItisknownthattheBBratsdeveloptypicallDDMduetoaknowncausethat. 
based'orTtheir hereditaiy background, pancreatic Insulitls, namely the inflammation in the Langertians islets occurs 
via the mechanism of the autoimmune reactions, which lead to the destmctlon of the pancreatic p cells present in the 
inflammatoiy sites in the Langerhans Islets. It Is found that the inflammation immune cells having infiltrated the intlam- 
matoty sites of the Langerhans islets having the pancreatic insulitis upon an onset of IDDM in BB rats areT lymphocytes. 
NK cells macrophages, neutrophils, eosinophils and others. It is thought that at first, macrophages begin to infiltrate 
the inflammatory sites of Langerhans islets and then T lymphocytes, NK cells and macrophages Infiltrate the inflam- 
matory sites so that these inflammation ceils such as T lymphocytes and macrophages can participate in the destruction 
and disappearance of the p cells In the Langerhans islets (refer to Like AA et al., Springer-Veriag, The pathology of 
the Endocrine Pancreas in Diabetes, pp.269-284 (1988) and Uke AAetal's article .. J. Exp. Med. 164, pp.1145 (1986)). 
It is also known that, in human IDDM, the infiltration of the inflammation cells such as T lymphocytes and macrophages 
into the inflammatory sites of Langertians Islets occur in the pancreatic insulitis of a human. 

[0015] It is known that the T lymphocytes and NK cells having infiltrated the Langertians islets can attack and damage 
pancreatic p cells and the damaged pancreatic p cells can be eaten by the infiltrating macrophages to disappear. 
Consequently, the pancreatic p cells present in the inflammatory sites of Ungerhans Islets are destroyed by the vanous 
inflammation cells (the immune cells) having infiltrated the inflammatory sites of Langerhans islets. 
[0016] Under the technical background as mentioned above, we, the present inventors, have now attained a concept 
that when the macrophages having infiltrated the inflammatory sites of Langertians Islets can selectively be damaged 
or destroyed at an earty stage immediately before or Immediately after the onset of IDDM, permitting that the pancreatic 
p cells can be prevented from being phagocytosed and destroyed by the infiltrating macrophages, thereby to protect 
the pancreatic p ceils to a certain degree, it would then be possible that the pancreatic insulitis caused by the autoim- 
mune reactions in human can be delayed from occurring and also the onset of human IDDM can be controlled or 
delayed, and In this respect, a therapeutic treatment of human IDDM can be effected. 



Disclosure of the Invention 



[0017] An object of this invention is to provide some measures capable of making an earty diagnosis of pancreatic 



EP1 413 313A1 



insulitis caused by the autoimmune reactions and early diagnosis of IDDM. as well as some measures capable of 
malcing an eariy therapeutic treatment of pancreatic insulitis and IDDM. Particular objects of this invention are to provide 
a diagnostic composition which can be used effectively in a photodynamic diagnosis (PDD) of pancreatic insulitis and 
IDDM, as well as a therapeutic pharmaceutical composition which is effective in a photodynamic therapy {PUT) of 
pancreatic insulitis and IDDM. 

[0018] Further objects of this invention are to provide a method which can make an early diagnosis of pancreatic 
insulitis and IDDM by PDD. as well as a method which can make an early therapy of pancreatic insulitis and IDDM by 
PDT. 

[0019] We. the present Inventors, have conducted investigations In order to achieve the objects of this invention 
described above, and as a result, the present inventors have now found for the first time that a certain kind of photo- 
sensitizer upon its administration has a combination of a property capable of being specifically uptaken by the macro- 
phages having infiltrated the inflammatory sites of Langerhans islets in the pancreas of a mammal with IDDM but not. 
capable of being uptaken by the pancreatic a cells and p cells; and a property capable of being activated upon ab- 
sorption of a light ray of a specific wavelength to emit a fluorescence. Further, the present inventors have newfound 
that, when a photosensitizer having the aforesaid properties in combination was administered and then the inflamma- 
tory'sites of Langerhans islets containing therein the macrophages, where the photosensitizer having the aforesaid 
properties has been uptaken and accumulated, are irradiated with a selected light ray of a specif ic wavelength, detection 
of the inflammation lesion sites of pancreatic Insulitis as well as a photodynamic diagnosis and a therapeutic treatment 
of the pancreatic insulitis and IDDM are possible to be conducted by using the visible florescence developed. Thus, it 
has now been found that, when there is conducted a method which comprises administering to a mammal with IDDM 
either a phamiaceutical composition containing a photosensitizer having the aforesaid properties as an active ingre- 
dient orsaid photosensitizer alone; then allowing time to elapse for a period of time sufficient to permit the administered 
photosensitizer having the aforesaid properties to be uptaken specifically by the macrophages having infiltrated the 
inflammatory sites of Langerhans islets In the pancreas of the mammal with IDDM; and afterthe elapse of such sufficient 
time period, irradiating the inflammatory sites of Langerhans Islets where the infiltrating macrophages having uptaken 
the administered photosensitizer therein are present, with a selected light ray of a specific wavelength suitable for 
photo-excitation of the administered photosensitizer, thereby enabling the photosensitizer as uptaken in said macro- 
phages to emit the visible fluorescence unique to said photosensitizer. it is feasible to observe a fluorescence image 
of the infiltrating macrophages, and to detect the inflammatory sites of Langerhans islets containing the macrophages 
with the fluorescence image, with reference to the emitting fluorescence by an endoscopic or laparoscopic observation. 
Therefore, it has now been found at this time that the onset of pancreatic insulitis and the onset of IDDM can be 
diagnosed through a photodynamic method by detecting or observing the fluorescence-emitting inflammatory sites of 
Langerhans islets containing the macrophages having shown the fluorescence Image, by means of endoscope or 

laparoscope. ... 

[0020] The present inventors have now recognized that a known compound used as a photosensitizer in conventional 

methods of PDT, which is mono-L-aspartyl chlonn e6 represented by the following fomiula (I): 



H3C CH2CH3 



COOH 



'CH2CO - NH — CH— CH2COOH 
CH2 COOH 

CHj 
I 

COOH 




or a pharmaceutically acceptable salt or a solvate thereof, such as a hydrate or ethanol-adduct thereof, is very excellent 
and effective for use in the above-mentioned PDD method. Mono-L-aspartyl chlorin e6 has a general name "talaporfin" 
(see WHO Drug Infomiation, Vol.15, N0.I (2001). Recommended INN: List 45). 
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[0021 1 Further, the.present inventors have now found that, when various photosensitizers utilized generally as pho- 
tosensitive agents in a conventional method of PDT. for exanrtple, known chlorin e6, chlorin e6 derivatives, benzopor- 
phyrin derivatives, etiopurpurin. Lu-Tex. ATX-S10. Foscan (trade name) or Photofrin (trade name) (refer to e.g., JP 
patent publication Hei-6-88902. JP patent Publication Hei-6-89000, and US Patent Nos. 4, 675. 338; 6.162.242; 5, 
095 030 and 5, 756. 541) are each singly administered, these photosensitizers have a property such that they can 
specifically be uptaken by and Into the macrophages having infiltrated the inflammatory sites of Langerhans Islets but 
cannot be uptaken by the pancreatic cells in the pancreas of a mammal with IDDM. 

[00221 Incidentally, the specification of US Patent No. 4,693,885 of Bommer et a!., discloses various kinds of photo- 
sensitive tetrapyrrole derivatives such as chrolln e6 amide derivatives. It further discloses a method for detection of a 
tumor, which comprises administrating a photosensitive chlorin e6 derivative such as mono-L-aspartyl chlorin e6 so- 
dium salt to a mammal, then irradiating a part to be examined of said mammal with a light ray of a sufficient wavelength, 
and thereby observing a fluorescence emitted from the tumor-affected part, as well as a method for diagnosis of a 
tumor, which comprises administrating a photosensitive chlorin e6 derivative to a mammal bearing a tumor, and then 
irradiating the mammal with a light ray having an intensity and a wavelength sufficient to activate the said chlorin 
derivative, thereby to exert the cell-killing effect against the tumor. 

[00231 Further, the present inventors have now found from our recent studies that, when there is administered an 
X-ray absorbing substance which has a property such that, upon irradiation with an X-ray of a wavelength of 0.1 53A, 
said substance can absorb the X-ray of such wavelength, and which substance Is talaporfin-gold complex represented 
by the following formula (II): 




or a pharmaceutlcally acceptable salt thereof or a solvate thereof, e.g. a hydrate thereof (refer to PCX Application 
International Publication No. WO 00/02882) , said gold complex can exhibit a property such that the gold complex can 
be uptaken specifically by the macrophages having infiltrated the inflammatory sites of Langertians islets but cannot 
be uptaken by the Langerhans islet cells in the pancreas of a mammal with IDDM. 

[0024] We, the present inventors, have now found that, in particular, when the talaporfin-gold complex of the above 
formula (II) is administered to a mammal with IDDM, the gold complex of formula (II) administered can be uptaken 
specifically by the macrophages having infiltrated the inflammatory sites of Langertians Islets in the pancreas to ac- 
cumulate in the macrophages which are present in the inflammatory sites of Langerhans islets. When an X-ray of a 
wavelength of 0.1 53 A is applied at a sufficient irradiance from an X-ray generator placed in the outside of the body of 
the mammal selectively to the pancreas, the gold complex of fomaula (II) . which has accumulated in the macrophages 
having infiltrated the Inflammatory sites of Langerhans islets in the pancreas and also having contained the uptaken 
gold complex of formula (II). is able to absoriD the X-ray, and thus an image of the X-ray absorption is produced in the 
inflammatory sites of Langertians Islets and can be observed and detected by means of X-ray radiography, with pho- 
tographying the X-ray absorption image on an X-ray film placed outside the body of the mammal. Therefore, by con- 
ducting a method comprising administrating the compound of fomnula (II) to a mammal and photographying the pan- 
creas selectively by an X-ray radiography, it is feasible to observe and detect the X-ray absorption image produced in 
the pancreas and hence to detect the pancreatic insulitis and diagnose the inflammatory sites of Langerhants islets in 
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the pancreas. 

[0025] On the basis of the inventors' finding described above, this invention has been accomplished. 
[00261 Accordingly, in a first aspect of this invention, there is provided a diagnostic connposition for diagnosing insulin- 
dependent diabetes mellitus and pancreatic insulitis accompanied by destruction of pancreatic p cell, which comprises 
as an active ingredient a photosensitizer having a property capable of being uptaken specifically by the macrophages 
having Infiltrated the inflammatory sites of Langerhans Islets In the pancreas of a mammal with the Insulin-dependent 
diabetes mellitus , as well as a property capable of being activated upon absorption of a light ray of a specific wavelength 
to emit a visible fluorescence, in combination with a phamiaceutically acceptable earner for the active ingredient. 
[0027] In the diagnostic composition according to the first aspect of the invention, the photosensitizer to be incorpo- 
rated therein may be chlorin e6, a chlorin e6 derivative, a benzoporphyrin derivative, etiopurpurin, Lu-Tex, ATX-S10, 
Foscan (trade name) and Photofrin (trade name), or a pharmaceutically acceptable salt thereof. 
[0028] The photosensitizer to be given as an effective agent In the diagnostic composition according to the first 
aspect of the invention may preferably be taiaporfin represented by fomiula (I): 




COOH 

or a phamriaceutically acceptable salt or a solvate thereof, for example, a hydrate or an ethanol-adduct thereof. 
[0029] In the diagnostic composition of the first aspect of this Invention, the carrier Incorporated therein may be a 
phannaceutically acceptable solid or liquid carrier such as starch, crystalline cellulose, glucose, water, physiological 
saline, aqueous solution of glucose, ethanol and aqueous ethanol. This diagnostic composition may be prepared in 
the form of orally admlnistrable tablets or capsules and also may be prepared in the form of intravenously injectable, 
subcutaneously injectable or intramuscularly injectable and sterile solution or aqueous dispersion. This composition 
may also be prepared In the form of a lyophilized preparation for Injection. The proportion of the photosensitizer present 
as the active ingredient in the diagnostic composition may be in a range of 1% to 5% by weight of the composition. 
[0030] The diagnostic composition of the first aspect Invention may preferably be administered, for example, intra- 
venously, intramusculariy or subcutaneously or via a pancreatic duct to a mammal to be examined. 
[0031] The diagnostic composition of the first aspect invention can be used and administered in a method for detection 
of IDDM and pancreatic Insulitis according to a second aspect of this invention, as well as in a method for diagnosis 
of IDDM and pancreatic Insulitis according to a third aspect of this Invention as described hereinafter. 
[0032] In a second aspect of this invention, there is provided a method for detecting insulin-dependent diabetes 
mellitus and pancreatic insulitis, which comprises: 

administering to a mammal to be diagnosed an effective amount of a photosensitizer or a phamiaceutical compo- 
sition containing said photosensitizer as an active ingredient, said photosensitizer having a property capable of 
being uptaken specifically by the macrophages having infiltrated the inflammatory site of Langertians islets in the 
pancreas of the mammal, as well as a property capable of being activated upon absorption of a light ray of a 
specific wavelength to emit a visible fluorescence; 

in-adiating at least a part of the pancreas with a light ray of a specific wavelength suitable for photo-excitation of 
the administered photosensitizer, at a sufficient irradiance of the irradiated light ray, whereby the visible fluores- 
cence is caused to emit In the pancreas from the photosensitizer present in the macrophages having uptaken said 
photosensitizer therein; 
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observing the visible fluorescence emitted in the inflammatory sites; and 

detecting by such observation of the fluorescence the Inflammatory sites of Langerhans islets occurring in the 
pancreas. 

5 [0033] In a third aspect of this invention, there is provided a method for diagnosing insulin-dependent diabetes mel- 
litus and pancreatic insulltis accompanied by destruction of pancreatic islet p cells, by the photodynamic diagnosis 
method, characterized in that the method comprises: 

administering to a mammal to be diagnosed an effective amount of a photosensitizer or a phamfiaceutical compo- 
10 sition containing said photosensitizer as an active ingredient, said photosensitizer having a property capable of 

being uptaken specifically by the macrophages having infiltrated the inflammatory sites of Langerhans islets in the 
pancreas of the mammal with the insulin-dependent diabetes mellitus. as well as a property capable of being 
activated upon absorption of a light ray of a specific wavelength to emit a visible fluorescence ; 
allowing time to elapse for a sufficient time which pemiits the administered photosensitizer to have been uptaken 
IS in the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas of the mammal; 

and after the elapse of such sufficient time, irradiating at least a part of the pancreas or the inflammatory sites of 
Langerhans islets where the infiltrating macrophages having uptaken the administered photosensitizer therein are 
present, with a selected light ray of a specific wavelength suitable for photo-excitation of the administered photo- 
sensitizer, at a sufficient irradiance of the irradiated light ray. whereby the visible fluorescence is caused to emit 
20 from said photosensitizer contained in the macrophages present in the Inflammatory sites of Langerhans islets as 

infiltrated by said macrophages containing said photosenitizer therein, so that the macrophages present in the 
inflammatory sites of Langerhans islets can selectively show a fluorescence image; 

observing by an endoscope the presence or absence of the inflammatory sites containing the macrophages which 
show the fluorescence image; 

25 detecting by such observation the presence of the inflammatory sites of Langerhans islets which show the fluo- 

rescence image; and 

diagnosing by such detection an onset of pancreatic insulltis accompanied by destruction of pancreatic islet p cells, 
and an onset of insulin-dependent diabetes mellltus caused by the pancreatic insulitis. 

30 [0034] In the detection method of the second aspect invention and in the diagnosis method of the third aspect in- 
vention as described above, the administered photosensitizer may be talaporfin of the formula (I) shown hereinbefore 
or a pharmaceutically acceptable salt thereof, particularly talaporfin tetrasodium salt. When the administered photo- 
sensitizer is talaporfin tetrasodium salt, this may preferably be administered by Intravenous injection at a dose of 0.1 
mg/kg to 5 mg/kg. 

35 [0035] In the methods of the second aspect Invention and of the third aspect invention, the administered photosen- 
sitizer may be talaporfin tetrasodium salt, and after intravenous injection of talaporfin tetrasodium salt, at least a part 
of the pancreas or the inflammatory sites of Langerhans islets may preferably be irradiated with a red^olored laser 
light containing a light of 664 nm wavelength by means of a laparoscope or by means of an endoscope inserted into 
the pancreatic duct, or by means of an endoscope inserted in the gastric cavity or duodenal cavity. Further, the visible 

40 fluorescence emitted selectively from the macrophages present in the inflammatory sites of Langerhans islets can be 
detected and observed by means of a laparoscope placed near to said inflammatory sites or by means of an endoscope 
inserted in the pancreatic duct. 

[0036] In a fourth aspect of this invention, there is provided use of talaporfin or a pharmaceutically acceptable salt 
thereof, as a photosensitizer, in the manufacture of a phamiaceutical product for diagnosing by the photodynamic 
45 diagnosis method the insulin-independent diabetes mellltus and pancreatic insulitis accompanied by destruction of 
pancreatic p cells. 

[0037] In a fifth aspect of this invention, there is provided a diagnostic composition for diagnosing insulin-dependent 
diabetes mellitus and pancreatic p cells, characterized in that the composition comprises as an active ingredient an X- 
ray absorbing substance having a property capable of being uptaken specifically by the macrophages having infiltrated 
50 the Inflammatory sites of Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes mellitus, 
as well as a property capable of absorbing an X-ray upon receiving irradiation of the X-ray, in combination with a 
phamiaceutically acceptable carrier for the active ingredient. 

[0038] In the diagnostic composition of the fifth aspect Invention, the X-ray absorbing substance may be a talaporfin- 
gold complex having the following for (II): 

55 
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H2C 




H3C 



CH3 



(I!) 



CH3 



CO2 



NH 




CH2-CO2 



or a pharmaceutically acceptable salt or a solvate thereof, e.g. a hydrate or an ethanol-adduct thereof. The diagnostic 
composition containing the aforesaid X-ray absorbing substance according to the fifth aspect Invention may preferably 
be administered intravenously, Intramuscularly or subcutaneously or via a pancreatic duct to the mammal to be exam- 
ined. 

[0039] In the diagnostic composition of the fifth aspect invention, the carrier to be mixed with the X-ray absorbing 
substance as an active Ingredient may be same as the can-ier which is Incorporated In the diagnostic composition of 
the first aspect invention. This diagnostic composition may be formulated in the same manner as the diagnostic com- 
position of first aspect invention is formulated. 

[0040] The diagnostic composition of the fifth aspect Invention may be used In a method for detection of IDDM and 
pancreatic insuiitis according to a sixth aspect of this invention, as well as in a method for diagnosis of IDDM and 
pancreatic insuiitis according to a seventh aspect of this invention as described hereinater. 

[0041] In a sixth aspect of this invention, there is provided a method for detecting Insulin-dependent diabetes meliitus 
and pancreatic insuiitis, which comprises: 

administering to a mammal to be examined an effective amount of an X-ray absorbing substance having a property 
capable of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of Langerhans 
Islets in the pancreas of a mammal with the Insulin-dependent diabetes meliitus, as well as a property capable of 
absorbing an X-ray upon receiving irradiation of the X-ray; 

then irradiating selectively the pancreas of the mammal with an X-ray beam containing an X-ray of a specific 
wavelength as delivered from an X-ray generator placed outside the body of the mammal to be examined; 
observing the X-ray absorption occumng in the pancreas, by means of an X-ray radiography; and 
detecting by such X-ray radiographic observation the inflammatory sites of Langerhans islets. 

[0042] In a seventh aspect of this invention, there is provided a method for diagnosing insulin-dependent diabetes 
meliitus and pancreatic Insuiitis accompanied by destruction of pancreatic p cells, characterized in that the method 



administering to a mammal to be diagnosed an effective amount of an X-ray absorbing substance or a pharnia- 
ceutical composition containing said X-ray absorbing substance as an active ingredient, said X-ray absorbing 
substance having a property capable of being uptaken specifically by the macrophage having infiltrated the in- 
flammatory sites of Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes meliitus, 
as well as a property capable of absortDing an X-ray upon receiving irradiation of the X-ray; 
allowing time to elapse for a sufficient time which pennits the administered X-ray absort^ing substance to have 
been uptaken in the macrophages having Infiltrated the inflammatory sites of Langerhans islets in the pancreas 

of the mammal; u ^ u 

and after the elapse of such sufficient time; irradiating selectively the pancreas of the mammal with an X-ray beam 
containing an X-ray of a specific wavelength as delivered from an X-ray generator placed outside the body of the 
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mammal to be examined, at a sufficient irradiance of the irradiated X-ray; 

receiving on an X-ray film the X-ray beam having passed through the body of the mammal to take a photography 
of the X-ray absorption occurring in the pancreas; 

observing in the photographed X-ray absorption Image of said X-ray film the presence or absence of the X-ray 
5 absorption Image shown by the group of the macrophages having infiltrated the inflammatory sites of Langerhans 

islets and having uptaken specifically therein the administered X-ray absorbing substance; 
detecting by such X-ray radiographic observation the presence of the Inflammatory sites of Langerhans Islets, with 
reference to the photographed X-ray absorption image of the X-ray film; and 

diagnosing by such detection of the inflammatory sites of Langerhans islets an onset of pancreatic insulitis ac- 
10 companied by destruction of pancreatic p cells, and an onset of insulin-dependent diabetes mellitus caused by the 

pancreatic insulitis. 

[0043] In the detection method of the sixth aspect invention and in the diagnosis method of the seventh aspect 
invention as described above, the administered X-ray absorbing substance may be a talaporfin-gold complex of the 
15 formula (II) shown hereinbefore or a phamnaceutically acceptable salt thereof, particularly tetrasodium salt thereof. 
When the administered X-ray absorbing substance is a tetrasodium salt of the talaporfin-gold complex, this may pref- 
erably be administered by Intravenous Injection at dose of 0.1 mg/kg to 5 mg/kg. 

[0044] When the method of the sixth aspect invention or the method of the seventh aspect invention is carried out 
with administration of talaporfin-gold complex tetrasodium salt as the X-ray absorbing substance, it is preferable that, 

20 after intravenous injection of the talaporfin-gold complex tetrasodium salt, the pancreas is in-adiate with an X-ray beam 
containing an X-ray of 0.153 A wavelength delivered externally from the outside of the body of the mammal. 
[0045] In an eighth aspect of this Invention, there is provided use of a talaporfin-gold complex or a pharmaceutical ly 
acceptable salt thereof, as an X-ray absorbing substance, in the manufacture of a pharmaceutical product for diag- 
nosing by the photodynamic diagnosis method the Insulin-dependent diabetes mellitus and pancreatic insulitis accom- 

25 panied by destruction of pancreatic p cells. 

[0046] When the photosensitizer used as an active ingredient In the composition of the first aspect invention, for 
example, the compound of fonnula (I) above, is administered into a human or a mammal with IDDM, the administered 
photoserisitlzer Is uptaken selectively and specifically by the macrophages having infiltrated and present in the inflam- 
matory sites of Langerhans islets, that Is, the pancreatic lesion sites of IDDM. The photosensitizer uptaken in the 

30 infiltrating macrophages, upon being in-adlated with a light ray having a sufficient irradiance and a wavelength suitable 
for photo-excitation of the photosensitizer, can be activated by absorption of the light ray and emit a visible fluorescence. 
When the intensity of irradiation of the light ray is then increased, the photosensitizer uptaken and accumulated in the 
macrophages is activated by absorption of the light ray, to generate active oxygen and thereby exhibit a cell-killing 
effect on the macrophages, whereby the macrophages can be damaged or destroyed. In particular, the compound of 

35 formula (1), upon the irradiation with a red laser light containing a light of a wavelength of 664 nm, can be activated by 
absorption of the 664 nm light ray, to generate active oxygen and thereby exhibit a cell-killing effect on the macrophage. 
[0047] When the X-ray absorbing substance, for example, the compound of formula (II) , which is used as an active 
Ingredient of the diagnostic composition of the fifth aspect invention, is irradiated with an X-ray beam containing an X- 
ray of a specific wavelength, for example a wavelength of 0.1 53A, it is activated by absorption of the X-ray, and It can 

40 exhibit an electron-releasing function by in-adiation of the X-ray to exert the cell-killing effect. Upon irradiation of the 
X-ray beam, therefore, the macrophages containing the X-ray absorbing substance therein can be damaged or de- 
stroyed. 

[0048] Accordingly, when the photosensitizer used as the active ingredient in the first aspect invention as well as the 
X-ray absorbing substance used as the active ingredient in the fifth aspect invention, have been uptaken in the mac- 
45 rophages and are then In^adiated with a light ray or an X-ray at an Irradiance sufficient to exert their cell-killing effect, 
they can damage or destroy the macrophages having infiltrated the inflammatory sites of Langerhans islets, whereby 
the inflammatory sites of Langerhans islet can be treated therapeutically, to achieve a photodynamic therapy (PDT) of 
the pancreatic insulitis and IDDM caused by pancreatic insulitis. 

[0049] Accordingly in an eighth aspect of the invention, there is provided a therapeutic composition for treating ther- 
50 apeutically insulin-dependent diabetes mellitus and pancreatic insulitis accompanied by destruction of pancreatic p 
cells, which comprises as an active ingredient a photosensitizer having a property capable of being uptaken specifically 
by the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas of a mammal with 
the insulin-dependent diabetes mellitus, as well as a property capable of being activated upon absorption of a light ray 
of a specific wavelength to emit a visible fluorescence, in combination with a pharmaceutically acceptable carrier for 
55 the active ingredient. 

[0050] The photosensitizer used as an active Ingredient in the therapeutic composition of the eighth aspect of the 
Invention may be chlorin e6, a chlorin e6 derivative, a benzoporphyrin derivative, etiopurpurin, Lu-Tex, ATX-S1 0, Foscan 
and Photofrin. or a pharmaceutically acceptable salt thereof. 



9 



EP1 413 313 A1 



[0051] The photosensitizer to be administered as an active ingredient in the therapeutic composition of the eighth 
aspect of the invention may preferably be talaporfin of fomnula (I) above, or a pharmaceutically acceptable salt thereof 
or a solvate thereof, and the light ray to be in-adiated in this case may be red laser lights containing a light of a wavelength 
of 664 nm. 

[0052] In the therapeutic composition of the eighth aspect invention, the carrier to be mixed therein may be the same 
as the carrier used in the composition of the first aspect invention, and the proportion of the active ingredient in the 

composition may be the same as in the composition of the first aspect invention. 

[0053] The therapeutic composition of the eighth aspect invention may be administered, for example, intravenously, 
intramuscularly or subcutaneously or via a pancreatic duct to a patient with IDDM, and the composition of the eighth 
aspect invention may be used in a photodynamic method for treating IDDM and pancreatic insulitis as described here- 
inafter. 

[0054] In a ninth aspect of this invention, there is provided a method for treating therapeutically insulin-dependent 
diabetes mellitus and pancreatic insulitis accompanied by destruction of pancreatic p cells, by the photodynamic ther- 
apy method, characterized in that the method comprises: 

administering to a mammal to be treated an effective amount of a photosensitizer or a phamnaceutical composition 
containing said photosensitizer as an active ingredient, said photosensitizer having a property capable of being 
uptaken specificaily by the macrophages having infiltrated the inflammatory sites of Langerhans islets In the pan- 
creas of the mammal with the insulin-dependent diabetes mellitus, as well as a property capable of being activated 
upon absorption of a light ray of a specific wavelength to emit a visible fluorescence; 

allowing time to elapse for a sufficient time which permits the administered photosensitizer to have been uptal<en 
in the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas of the mammal; 
and after the elapse of such sufficient time, irradiating at least a part of the pancreas or the inflammatory sites of 
Langerhans islets where the infiltrating macrophages having uptaken the administered photosensitizer therein are 
present, with a selected light ray of a specific wavelength suitable for photo-excitation of the administered photo- 
sensitizer, with the irradiation of the selected light ray being effected at an irradiance of the irradiated light ray 
sufficient to permit that the photosensitizer uptaken and accumulated in the macrophages having infiltrated the 
inflammatory sites of Langerhans islets Is activated by the absorption of the in^adlated light ray to generate active 
oxygen and to damage or destroy said macrophages by active oxygen; 

damaging or destroying by such light In-adiation the macrophages which Infiltrate the inflammatory sites of Lang- 
erhans islets; and 

inhibiting by such damage or destroy of macrophages the destruction of the pancreatic p cells caused by initial 
infiltration of the macrophages and subsequent infiltration of the various inflammatory cells, whereby to suppress 
or treattherapeutically the pancreatic Insulitis and the insulin-dependent diabetes mellitus caused by the pancreatic 
Insulitis. 

[0055] In the therapeutic method of the ninth aspect invention, the photosensitizer to be administered may be ta- 
laporfin or a pharmaceutically acceptable salt thereof, particularly talaporfin tetrasodium salt When the administered 
photosensitizer is talaporfin tetrasodium salt, this may preferably be administered by intravenous injection at a dose 
of 0.1 mg/kg to 5 mg/kg. In case the administered photosensitizer is talaporfin tetrasodium salt, it is preferable that, 
after intravenous injection of talaporfin tetrasodium salt, at least a part of the pancreas or the inflammatory sites of 
Langertians islets is or are irradiated with a red-colored laser light containing a light of 664 nm wavelength by means 
of a laparoscope or by means of an endoscope inserted in the gastric cavity or duodenal cavity, at a light In^adiance of 
20 to 200 J/cm2. 

[0056] In a tenth aspect of this invention, there is provided use of talaporfin or a pharmaceutically acceptable salt 
thereof, as a photosensitizer. in the manufacture of a phamnaceutical product for treating by the photodynamic therapy 
method the insulin-dependent diabetes mellitus and pancreatic insulitis accompanied by destruction of pancreatfc p 

cells. 

[0057] In an eleventh aspect of this invention, there is provided a therapeutic composition for treating therapeutically 
insulin-dependent diabetes mellitus and pancreatic Insulitis accompanied by destruction of pancreatic p cells, charac- 
terized in that the composition comprises as an active ingredient an X-ray absortaing substance having a property 
capable of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of Langerhans Islets 
In the pancreas of a mammal with the insulin-dependent diabetes mellitus, as well as a property capable of absoriDlng 
an X-ray upon receiving in-adiation of the X-ray and capable of being activated by such X-ray absorption to display the 
electron-releasing function that can damage or destroy the macrophages, in combination with a phamiaceutically ac- 
ceptable carrier for the active ingredient. 

[0058] In the composition of the eleventh aspect Invention, the X-ray absorbing substance may be a talaporfin-gold 
complex of formula (II) shown hereinbefore, or a phamiaceutically acceptable salt or a solvate thereof. 
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[00591 In a ^^^^h aspect of this invention, there is provided a method for treating therapeutically insulin-dependent 
diabetes mellitus and pancreatic insulitis accompanied by destruction of pancreatic p cells, by the photodynamic ther- 
apy method in that the method comprises: 

administering to a mammal to be treated an effective amount of an X-ray absorbing substance or a pharmaceutical 
composition containing said X-ray absorbing substance as an active ingredient, said X-ray absorbing substance 
having a property capable of being uptaken specifically by the macrophages having Infiltrated the inflammatory 
sites of Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes mellitus, as well as a 
properly capable of absorbing an X-ray upon receiving in-adiation of the X-ray and capable of being activated by 
such X-ray absorption to display the electron- releasing function that can damage or destroy the macrophages; 
allowing time to elapse for a sufficient time which pemiits the administered X-ray absorbing substance to have 
been uptaken in the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas 
of the mammal; 

and after the elapse of such sufficient time, irradiating selectively the pancreas of the mammal with an X-ray beam 
containing an X-ray of a specific wavelength delivered from an X-ray generator placed outside the body of the 
mammal to be treated, at a sufficient in-adiance of the irradiated X-ray, with the irradiation of the X-ray being effected 
at an adjusted irradiance of the irradiated X-ray sufficient to permit that the X-ray absorbing substance uptaken 
and accumulated in the macrophages having infiltrated the inflammatory sites of Langerhans islets is activated by 
the absorption of the irradiated X-ray to display the electron-releasing function that can damage or destroy the 
macrophages; 

damaging or destroying by such X-ray irradiation the macrophages which infiltrate the inflammatory sites of Lang- 
erhans islets; and 

inhibiting by such damage or destroy of the macrophages the destmction of the pancreatic p cells caused by initial 
infiltration of the macrophages and subsequent infiltration of the various Inflammatory cells, whereby to suppress 
or treat therapeutically the pancreatic insulitis and the insulin-dependent diabetes mellitus caused by the pancreatic 
insulitis. 

[0060] In the therapeutic method of the twelfth aspect invention, the administered X-ray absorbing substance may 
preferably be a talaporfin-gold complex of the fomnula (II) or a pharmaceutically acceptable salt thereof, particularly 
tetrasodium salt thereof. When the administered X-ray aborbing substance is a tetrasodium salt of the talaporfm-gold 
complex, this may preferably be admlnisitered by intravenous injection at a dose of 0.1 mg/kg to 5 mg/kg. 
[0061] In the therapeutic method of the twelfth aspect Invention wherein the administered X-ray absorbing substance 
is talaporfin-gold complex tetrasodium salt, it is possible that, after intravenous injection of the talaporfin-gold complex 
tetrasodium salt, the pancreas is irradiated with an X-ray beam containing an X-ray of 0.153 A wavelength delivered 
externally from outside of the body of the mammal, at an energy of 5 keV to 50 keV of the irradiated X-ray. 
[0062] A further aspect of this invention includes use of a talaporfin-gold complex or a phamnaceuticaliy acceptable 
salt thereof as an X-ray absorbing substance, in the manufacture of a phannaceutical product for treating therapeutically 
by the photodynamic therapy method the insulin-dependent diabetes mellitus and pancreatic Insulitis accompanied by 
destruction of pancreatk; p cells. 

Best Mode for Carrying Out the Invention 

[0063] In the diagnostic compositions according to this Invention and also in the therapeutic compositions according 
to this invention, the compound to be used as the active ingredient may be mixed with a phamiaceutically acceptable 
carrier. For example, these compositions of this invention can be in the form of a solution of the active ingredient In a 
suitable liquid carrier, for example, physiological saline, a glucose solution in water, and others. The composition of 
the invention in this solution form can be administered by a suitable method to the body of a patient to be diagnosed 
or treated. The composition can be fonnulated not only into an aqueous solution but also into an aqueous suspension 
having the active ingredient dispersed in water with aid of a suitable dispersant. Administration of the composition may 
be conducted preferably by direct injection into a blood vessel, but may be conducted also by muscular or subcutaneous 
administration. Further, topical administration via a pancreatic duct can be conducted with using a catheter inserted in 
the pancreatic duct. 

[0064] The compositions according to the Invention can contain at least one of a known binder, a pH adjusting agent 
such as phosphoric acid, hydrochloric acid or sodium hydroxide, an exclpient, a presen^ative such as para-hydroxy- 
benzoic acid derivative, a solvent such as water, ethanol or glycol, and an isotonizing agent such as sugar or sodium 
chloride. These compositions according to the invention can contain the active Ingredient substance, for example, the 
compound of formula (1) or the compound of formula (II) in the fomi of its salt with a base, for example, a sodium salt, 
and can be fonnulated into a sterile, pyrogen-free lyophilized preparation. 
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[0065] The photosensitizer or the X-ray absorbing substance to be used in the respective aspects of the invention 
is preferred to have the following characteristics: 

(a) When it is not activated with irradiation of light ray or X-ray or until it is activated with irradiation of light ray or 
X-ray. it shall be nontoxic to the mannmal to whom it is given at a dose necessary for the diagnosis and therapy 

(b) It can be uptaken specifically by the macrophage having infiltrated the inflammatory lesion sites of Langerhans 
islets present in the pancreas with \DDM but it cannot be uptaken by the Langerhans islets cells. 

(c) it can be selectively activated upon irradiation of a light ray of a specific wavelength, for example, a light ray 
such as visible light, electromagnetic waves, X-rays and others. 

(d) Upon being irradiated with a light ray of a specific wavelength, it can emit a specific, measurable and visible 
fluorescence or it can absorb the irradiated X-ray. 

(e) Upon irradiation of a light ray or an X-rays of a specific wavelength, it can be activated to damage or kill selec- 
tively the macrophages having infiltrated the Inflammatory lesion sites of Langerhans islets, without affecting the 
normal tissue regions of the body which sun-ound the Langerhans islets. 

(f) After IDDM diagnosis or therapy was done, it can be easily metabolized in the body or can be excreted out of 
the body of human or animal. 

[0066] As the photosensitizer or the X-ray absorbing substance having all the characteristics described above, ta- 
laportin of fomiula (I) or its salt and the talaporfin-gold complex of formula (11) or its salt given hereinafter can be 

mentioned. , , /„x 

[0067] The sodium salt of talaporfin of fonnula (!) and the sodium salt of the talaporfin-gold complex of formula (II), 
which are used preferably according to the invention, have the characteristics (a) to (f) described above, and such 
sodium salts are advantageous in that they can be dissolved at a suitable solubility in a water having a physiological 
hydrogen ion concentration (pH). Further, it has now been found that the compound of formula (I) can emit a visible 
fluorescence of higher intensity than by the same dosage of other photosensitizers. Accordingly, when the sodium salt 
of talaporfin ortataporfln-gold complex is administered in this invention or used as the active ingredient in this invention, 
such sodium salt can be distributed stably and unif omnly at a higher concentration in the inflammatory site of Langerhans 
islets containing pancreatic p cells than in the nonmal tissues surrounding the inflammatory lesion sites of Langerhans 
islets, and hence it Is possible to afford a fluorescence image or an X-ray absorption image having more significant 
contrast. 

[0068] In particular, talaporfin of formula (I) or its salt can be excited by Irradiation of red laser lights containing a 
light of a wavelength of 664 nm, so as to emit a visible fluorescence, and upon its transition to the ground state, it 
generates active oxygen, thereby exerting the cell-killing effect on the macrophages. 

[0069] In particular, the talaporfin-gold complex of formula (II) or its salt has a property such that gold complex (II) 
or its salt having received the irradiation of an X-ray beam containing an X-ray of a wavelength of 0.153 A is excited 
by absorption of the X-ray of said wavelength, and that upon its transition to the ground state, the gold complex of 
formula (II) gives energy to other electrons within the gold atoms to release the electrons (so-called Auger effect), 
thereby exhibiting the cell-killing effect on the macrophages. 

[0070] When the compound of fomnula (1) above or the compound of formula (11) above is administered in the diag- 
nostic method or the therapeutic method according to this invention, the dose of the compound of fomnula (1) or (11) 
administered may vary depending on the method of administration or the object to be achieved. In the case of systemic 
administration of the compound via a vein, the compound of fomnula (I) or the compound of formula (II) may be admin- 
istered at a dose of 0.1 mg/kg to 5 mg/kg, more preferably 0.2 mg/kg to 2 mg/kg. 

[0071] In the case of topical administration, it is appropriate to administer at a proper dosage such compound that 
can afford a fluorescence image or an X-ray absorption image within the Langerhans islet inflammatory sites present 
in the pancreas having IDDM, with the afforded image being observable in a high contrast. To this end, for example, 
it is suitable to use a method of injecting, via a pancreatfc duct, few ml of a solution in which the compound of formula 
(I) or the compound of formula (11) is dissolved at a concentration of 0.1 to 1 mg/kg in a volume of physiological saline. 
[0072] The compound of formula (I) and the compound of formula (II) described above are evidently non-toxic, as 
long as they are administered at a dose usually used in the diagnosis or therapy according to this invention. For example, 
even when talaporfin, namely the compound of fonnula (1) was administered at a dose of up to 20 mg/kg. none of 
significantly toxic observations was found In experimental animals. 

[0073] In addition, a benzoporphyrin derivative such as verteporfin. etiopurpurin (Puriytin: trade name). Lu-tex. 
ATX-S10, temoporfin (Foscan; trade name) or Photofrin (trade name) is suitable as the photosensitizers to be used in 
the invention. These photosensitizers can be used in a free from or in the fonn of a phamiaceutically acceptable salt 
thereof or a solvate thereof In the invention. The benzoporphyrin derivative is administered at a dose of 0.1 to 0.5 mg/ 
kg and may be irradiated with a laser light of a wavelength of 690 nm. Etiopurpurin is administered at a dose of 0.2 to 
1 mg/kg and may be irradiated with a laser light of a wavelength of 665 nm. and Lu-tex is administered at a dose of 1 
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to 3 mg/kg and may be irradiated with a laser light of a wavelength of about 730 nm. ATX-S1 0 or Foscan is administered 
at a dose of 0. 1 to 0.5 mgfl<g and may be irradiated with a laser light of a wavelength of 652 nm. Photof rln is administered 
at a dose of 1 to 3 mg/kg and may be irradiated with a laser light of a wavelength of 630 nm. 
[00741 When the photosensltlzer, for example, the compound of fomiula (I) is administered, the compound of formula 
(I) after the administration thereof can be uptaken specifically and selectively by the macrophages having clustered in 
the Langerhans Islet InHammatoiy sites with IDDM where the macrophages acting on the pancreatic p cell have infil- 
trated so that the compound of fomiula (I) can accumulate in the said inflammatory lesion sites. When a suitable and 
sufficient period of time is allowed to elapse from the time of administration of the compound, for instance, when a time 
of few minutes to 48 hours, preferably a time of few minutes to 24 hours is allowed to elapse In the case of intravascular 
administration of the compound of fomiula (I), there can elapse a period of time which is sufficient to pemnit the com- 
pound of fomiula (I) to be uptaken speciffcally by the macrophage having clustered in the inflammatory sites of Lang- 
erhans islets After the elapse of such sufficient time period, the inflammatory sites of Langerhans islets or a part of 
the pancreas containing said inflammatory sites are or is then irradiated with a light ray of a specific wavelength, 
preferably a laser light, by means of an optical fiber which has been inserted via the skin and via a pancreatic duct into 
said inflammatory sites or into a blood vessel near to said Inflammatory^ sites, or by. means of a laparoscope or by 
means of an endoscope Inserted Into the pancreatic duct, or by means of an endoscope inserted in the gastnc cavity 
or duodenal cavity. The irradiation of the light ray to be applied to the compound of formula (I) should necessanly be 
made at a light irradiance which can induce emission of a visible fluorescence from the compound (I) so as to pemnit 
visible observation of a fluorescence image. With the compound of formula (I), red laser lights containing a light of a 
wavelength of 664 nm may usually be irradiated at an Irradiance of 20 to 200 J/cm2. 

[00751 Further when an X-ray absorbing substance such as the compound of formula (II) is administered, it is nec- 
essary that the X-ray to be irradiated should be applied at an irradiance such that the X-ray beam having passed 
through the body of patient can be observed by the X-ray radiography with taking a photography of an X-ray absorption 
Image on an X-ray film or in another X-ray photography unit. When the compound of formula (II) is administered, an 

i X-ray beam containing an X-ray of a wavelength of 0.1 53 A may be applied at an energy of 5 to 50 keV. 

[00761 Endoscopte retrograde cholangiopancreatography (ERCP) can be used for irradiation of the inflammatory 
sites of Langerhans Islets with light rays, and then an ERCP unit is used for the irradiation of laser lights. The inflam- 
matory sites of Langerhans Islets with IDDM as in^diated with light rays can emit a fluorescence selectively, and thus 
the IDDIVI lesion sites, which are emitting this fluorescence, can be observed directly with naked eyes by means of an 

7 inserted optical fiber scope or on a CFIT screen scope. . , , . . 

[0077] For irradiating the inflammatory sites of Langerhans islets with laser lights, the photosensitizer Is administered 
as an effective agent and then the inflammatory sites of Langerhans islets are irradiated with laser lights delivered from 
the top of a quartz fiber which has been inserted in the vicinity of the inflammatory sites of Langerhans islets. Because 
the pancreas Is close to the pylorus in a lower part of the stomach and is dose to the duodenum, the pancreas can be 
35 irradiated with laser lights delivered from an endoscope whteh is equipped with a laser light-irradiating optical fiber and 
which has been inserted into the gastric cavity or duodenal cavity. 

[00781 On the other hand, when the X-ray absortjing compound of fomiula (II) is administered, an X-ray beam con- 
taining an X-ray of a wavelength of 0.153 A is to be applied as described above, and the X-ray beam containing the 
X-ray of a wavelength of 0.153 A is available by using a known X-ray generator However, when a coherent X-ray is 
40 to be used, a large-scale radiation facility. SPring-8. in Harima Science Garden City. Japan or radiation facilities in High 
Energy Accelerator Research Organization in Tsukuba City, Japan can be utilized. 

[00791 In order to ensure that the X-ray absorbing substance, for example the compound of fomiula (II), has certainly 
been uptaken by and into the infiltrating macrophages after the administration of the compound of fomiula (II) to the 
body of a mammal with IDDM. it is necessary to allow a sufficient time of few minutes to 48 hours, preferably few 

45 minutes to 24 hours, to elapse from the time of administration. After the elapse of such sufficient time, the inflammatory 
sites of Langerhans islets and the pancreas or a part thereof containing said inflammatory sites are then selectively 
irradiated with X-ray beam. The X-ray beam is applied usually from the outside of the body of patient. The X-ray having 
passed through the pancreas and through the body of the patient is received on an X-ray film to take a photography 
of an X-ray absorption image thereon, whereby the Inflammatory sites of Langerhans Islets can be obsewed as a 

so photography of the X-ray absorption image produced in said inflammatoiy sites. With the resultant photographed X- 
ray absorption image. IDDM and pancreatic insuiitis can be detected or diagnosed. Further, when the irradiance of X- 
ray is increased, the excited X-ray absorbing substance is able to damage or destroy the infiltrating macrophages 
having uptaken the X-ray absortjing Substance therein, by the action of the X-ray Irradiation or by the electron-releasing 
function that Is the Auger effect in the case of administration of the compound of fomnula (11). Thereby, the pancreatic 

55 Islet p cells can'be protected from the macrophages and thus a therapeutic treatment of IDDM and pancreatic insulitis 

can be effected. ^ ^ j. . .v ■ 

[00801 In the therapy of pancreatic insulitis and IDDM with using the therapeutic method according to the invention, 

the present Inventors have now devised two procedures, one is a therapeutic process of making the irradiation of laser 
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lights delivered from a fiber catheter as inserted into the inflammatoty sites of Langerhans islets, and the other is a 
therapeutic process of making the irradiation of X-ray beam from the outside of the patient body. In the first procedure 
comprising the insertion of a fiber catheter into the inflammatory sites of Langerhans islets, the pancreatic p cells are 
directly irradiated with laser lights, and a fluorescence unique to the administered photosensitizer can be observed, 
whereby the positions of the inflammatoiy sites of Langerhans islets can be detected and decided accurately, and thus 
a direct therapy of the inflammatory sites of Langerhans Islets can be conducted accurately and topically. In the second 
procedure of making the irradiation of X-ray, the inflammatory sites of Langerhans islets are irradiated with X-ray de- 
livered externally from the outside of the patient body and an X-ray absorption occurring in the pancreas can be ob- 
served by the X-ray radiography, whereby the positions of the Langerhans islets inflammatory sites can be detected 
and grasped, and so a therapy of pancreatic insulitis can be conducted directly, accurately and topically in a non- 
invasive manner 

Brief Description of the Drawings 
[0081] 

Figure 1 is a graph which shows an evidently prolonged survival curve of plotting the survival rate (%) of a PDT 
treated group of BB rats having received a PDT method comprising the administration of talaporfin tetrasodium 
salt and the irradiation of a laser light after the onset of IDDM in the BB rats in Test Example 3 as described 
hereinafter, in comparison with a survival curve of plotting the survival rate (%) of the control group (untreated) of 
the BB rats after the onset of IDDM in Test Example 3. 

Figure 2 is a graph which shows an evidently improved survival curve of plotting the survival rate (%) of a PDT 
treated group of BB rats having received a PDT method comprising the administration of talaporfin tetrasodium 
salt and the irradiation of a laser light after the onset of IDDM in the BB rats in Test Example 5 as described 
hereinafter, in comparison with a survival curve of plotting the sun^ival rate (%) of a comparative group of the BB 
rats (positive control) having received ttie administration of talaporfin tetrasodium salt but no inadiation of a laser 
light In Test Example 5 described hereinafter 

[0082] Hereinafter, this invention is illustrated in more detail with reference to Test Examples below, but this invention 
is not limited to these Examples. 

Test Example 1 

[0083] BB/W rats which had exhibited a morbid state of IDDM morphologically and biochemically similar to human 
IDDM were used as test animals. From 60 days after birth, the BBW rats were examined every day for the urine sugar 
level and blood sugar level by using GLUTEST SENSOR (Sanwa Kagaku Co. Ltd.. Japan). To those BBW rats whose 
Orine sugar became positive to confirm the onset of IDDM was administered tetrasodium salt of talaporfin of fonnuia 
(I) at a dose of S mgfl<g via a tall vein. One hour after the administration . the abdomens of the rats were opened under 
ether anesthesia and their pancreases were excised. The excised pancreases were frozen in dry ice/acetone, to pre- 
pare frozen pancreassectionsofSmn in thickness. The frozen pancreas sections were irradiated with a semiconductor 
laser light of 664 nm delivered from a laser generator (Matsushita Industrial Equipment Co., Ltd., Japan). An image of 
a red fluorescence emitted by talaporfin in the frozen pancreas section was observed under a fluorescence microscope 
equipped with a notched filter for cutting 664 nm wavelength (made by Cari Zeiss Co.. Ltd.) Further, thefrozen pancreas 
sections were each stained by an immunological histochemicai method with a rat macrophage-specific antibody (made 

byBMA). . .1. K • 

[00841 As a result, the macrophage antibody-positive and selectively stained macrophages were found to have in- 
filtrated and be present in the Langerhans islets in the test pancreas section, and it was conflimed that in the BB rats, 
the infiltration of the macrophages in the Langerhans islets took place immediately after the onset of IDDM. Further, 
the regions of the pancreas section which indicated the previously observed fluorescence image of talaporfin were 
confinned to be consistent with the places or sites where the stained images of the antibody-positive macrophages 
were found to be present in the pancreas sections. Thus, it was estimated that talaporfin administered was uptaken 
by and accumulated specifically in the macrophages having infiltrated the Langerhans islet inflammatory sites. 
[0085] When a method comprising irradiation of a UV ray of a wavelength of 405 nm and observation of a fluorescence 
of 672 nm with a cut filter for cutting light rays of wavelengths of not more than 600 nm was also used for the above- 
mentioned observation of the fluorescence of talaporfin, there could again be obtained the same result as that obtained 
In the above-descrfeed method comprising irradiation of the 664 nm semiconductor laser. 
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Test Example 2 

[0086] A sodium salt of the talaporfin-gold complex of fomiula (II) was administered in the same manner as in Test 
Example 1 at a dose of 5 mg/kg via a tall vein into BB rats whose urine sugar became positive with showing a hyper- 
glycemia and in which the onset of IDDM was contimied. One hour after the administration, the abdomens of the rats 
were opened under ether anesthesia, and their pancreases were excised. The excised pancreases were fixed with 
glutaric acid and fixed again and embedded in the probes for observation under an electron microscope. Thereafter, 
very thin test sections of the pancreas were prepared, and gold atom particles present in the test pancreas sections 
could be observed in a transmitted state under an electron microscope. As a result, it was confirmed that the talaporfin- 
gold complex had been uptaken specifically by the macrophages having infiltrated the Langerhans islets inflammatory 
sites. 

[0087] It was thus confirmed that, like talaporfin, the talaporfin-gold complex had also been uptaken specifically by 
and accumulated in the macrophages having infiltrated the Langerhans islets Inflammatory sites at an early stage of 
the onset of IDDM. 



Test Example 3 

[0088] From 60 days after birth. BB rats (1 6 rats per group) were examined every day for the urine sugar level and 
blood sugar level, to confirm the time of the onset of IDDM. To those BB rats whose urine sugar became positive to 
confirm the onset of IDDM was administered via a tall vein talaporfin tetrasodium salt at a dose of 5 mg/kg. Twenty- 
four hours after the administration, a 684-nm laser light at an in-adiance of 50 J/cm2 was applied transcutaneously via 
the back of rats to the target sites, that is. the Langerhans islets in the pancreas and their sun-ounding region around 
the Langerhans islets. Photodynamic therapy of IDDM was thus conducted once, and thereafter, the number of surviving 
BB/W rats was counted every day and the survival rate (%) of the BB rats were evaluated during the breading of rats 
for the subsequent 32 days, 

[0089] The survival rate (%) of rats under test was evaluated by the following equation: 

Number of surviving rats at th e day of measurement . 
Sun^ival rats (%) = Total number of rats under test 

The number of days after the day of the onset of IDDM and the values of the survival rate (%) of rats at each day of 
measurement are shown in Table 1 below, in respect of the treated group of rats (n=16) having received the above 
mentioned PDT method as well as the untreated group of rate (n=17) (a control group having received neither admin- 
istration of the test drug nor Inradiation of the laser light). 



Table 1 



Number of days after day of IDDM onset 


Survival Rate (%) 




PDT treated group 


Untreated group (control) 


1 


100 


100 


2 


100 


88.2 


3 


100 


82.4 


4 


100 


82.4 


5 


100 


76.5 


6 


100 


70.6 


7 


93.8 


64.7 


8 


81.3 


47.1 


9 


75 


41.1 


10 


62.5 


41,1 


ir 


62.5 


29.4 


12 


56.3 


23.6 


13 


50 


23.5 


14 


43.8 


23.5 


15 


43.8 


17.6 


17 


43.8 


17.6 
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Table 1 (continued) 



Number or days aner aay ot luuivi onsei 


Survival Rate {%) 


PDT treated group 


Untreated group (control) 


1 o 


43.8 


11.8 


20 


37.5 


11.8 


21 


37.5 


5.9 


22 


37,5 


0 


26 


37.5 


0 


27 


18.8 


0 


31 


18.8 


0 


32 


6.3 


0 



[0090] The survival curves of plotting the survival rate (%) of the rats under test In relation to the number of days 
after the day of onset of IDDM for the treated group of rats and for the untreated group of rats are shown in Figure 1 
of the attached drawings. 

[0091] From the comparison of the survival curve of the PDT treated group of rats with the sun^ival curve of the 
untreated group of rats (the control group. n=17). it can be seen that the treated group of rats treated by the above 
PDT method showed an evident prolongation of their survival curve, as compared with that of the untreated group of 
rats Thus, the survival rate (%) of the PDT treated group of rats was 1 00% on Day 6 after the day of administration 
of talaporfin, and one rat surviving still after Day 32 was confimied. On the other hand, the survival rate (%) of the 
untreated group of rats (control group) was about 70% on Day 6 after the start of the test, and all of the untreated rats 
had died on Day 22 after the start of the test. These results will be clear from the survival curves shown In Figure 1 of 
the attached drawings. 

[0092] As a result of the fact that the macrophages having infiltrated the Inflammatory sites of Langerhans islets 
having pancreatic insulitis were killed by the PDT method comprising the administration of talaporfin and in-adiation of 
laser light, it was clearly demonstrated that the progress of the Inflammation of Langerhans islets, that is. the pancreatic 
insulitis was suppressed by the PDT method and the survival curve of the PDT treated rats was improved. 
[0093] In the PDT treated group of rats, as compared with the untreated group of rats (control group), the blood sugar 
level had changed atslightly lowerstages as shown by tests of measurlngthe blood sugar level, and there was observed 
a tendency that the disappearance of insulin production attributable to IDDM was delayed. 

[0094] The dose of 5 mg/kg of talaporfin tetrasodlum salt with which the effectiveness of the photodynamic therapy 
done for IDDM in BB/W rats was demonstrated, may conrespond to a dose of 0.5 mg/kg to 1 .0 mg/kg of talaporfin 
tetrasodlum salt in a human, when estimated from comparison between human and rat In respect of the change of the 
concentration of talaporfin tetrasodlum salt in serum. From this, it Is expectable that intravenous injection of talaporfin 
tetrasodlum salt at a dose of 0.5 mg/kg to 2.0 mg/kg is effective for therapeutic treatment of human IDDM and pancreatic 
Insulitis. 



Test Example 4 

[0095] A sodium salt of the talaporfln-gold complex was administered at a dose of 5 mg/kg via a tail vein In the same 
manner as In Test Example 3 into BBAA/ rats having a confirmed onset of IDDM. whose urine sugar became positive 
with showing a hyperglycemia. Twenty-four hours after the administration, a coherent X-ray of 0.153 A. which is specific 
to the absorption of X-ray by the electrons in the K shell of the gold atoms In the talaporfin<|old complex, was applied 
(at SPring-8 radiation facility, at an irradiation energy of 25 keV) transcutaneously f rom the outside of the rats via the 
back of the rats to the target sites, that is, the Langerhans Islets in the pancreas and their surrounding region. The X- 
ray having passed through the body of rat was received on an X-ray film (Fuji 1X25) and the photographed X-ray 
absorption Image in the X-ray film was observed, revealing that the talaporfln-gold complex accumulated in some 
regions of the Langerhans Islets in the pancreas. 

[0096] Further, the survival rate (%) of the rats having received the PDT method comprising the administration of 
talaporfin-gold complex and irradiation of X-ray was evaluated in comparison with that of the untreated group of rats 
(control group). As a result, It was recognized that, like Test Example 3. the survival curve of the PDT treated group of 
rats was evidently prolonged or improved as compared with that of the untreated group of rats (control group). 
[00971 The dose of 5 mg/kg of the talaporfln-gold complex, with which the efficacy of the photodynamic therapy done 
in BBW rats was demonstrated, may con-espond to a dose of about 0.5 mg/kg to 1 .0 mg/kg of said gold complex in a 
human, when estimated from comparison between human and rat In respect of the changes In the concentration of 
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the test drug in serum. 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



Test Example 5 

r00981 In Test Example 3, It was found that the survival curve of plotting the survival rate (%) of the PDT treated 
qroup of rats had a tendency to prolong than that of the untreated group of rats (control). In order to make a more exact 
comparison, the uterine children bom from the same parents of BBW rats were halved into two equivalent groups of 
rats, and the first group was allotted to a PDT treated group of rats and the second group was allotted to a comparative, 
control group of rats which received only administration of the test drug. 

r00991 Thus BBW rats were used as test animal. From 60 days after birth, the urine sugar level and blood sugar 
level of the rats were measured every day to confimi the day of onset of IDDM. The BBAW rats whose blood sugar 
level was positive (200 mg/dl or higher) to show a confirmed onset of IDDM were halved into two equivalent groups 
each composed of the uterine children rats. The first group of rats was allotted to the PDT treated group of rats (n=1 4) 
and the second group of rats was allotted to the comparative, control group of rats {n=1 0) which received administration 
of the test drug but no irradiation of laser light. 

rOlOO] On the day of onset of IDDM, to the PDT treated group of rats and to the comparative, control group of rats 
was administered talaportin tetrasodium salt at a dose of 5 mg/kg per rat via a tail vein. In the PDT treated group of 
rats at the end of 1 2 hours after the administration of the test dmg. a 664 nm laser light was applied at light irradiance 
of 50 J/cm2 to the skin surface in the abdomen region of the rats so that the Langerhans islets in the pancreas and 
their surrounding regions as the irradiated target were irradiated with the laser light transcutaneously. In the control 
group of rats, no irradiation of laser light was effected. The rats under test were bred for 72 days subsequent to the 

day of onset of IDDM. ^ . . j .u 

fOIOIl On and after the day of onset of IDDM, that is to say. from the day of administration of the test drug, the 
numbers of the sun^iving rats in the PDT treated group and in the control group of rats were counted and the values 
of the suivival rate (%) of rats were evaluated. The relationship of the survival rate (%) of rats to the number of days 
after the day of onset of IDDM is tabulated in Table 2 below. Besides, the evaluation of the survival rate {%) of rats 
was made by using a known Kaplan-Meier method. 

Table 2 



Number of days after day of IDDM onset 


Survival Rate (%) 




PDT treated group 


Comparative control group 


1 


100 


100 


4 


100 


100 


6 


92.6 


90 


8 


78.6 


90 


10 


78.6 


90 


11 


80 


71.4 


14 


71.4 


70 


15 


71.4 


50 


16 


64.3 


40 


18 


64.3 


30 


20 


64.3 


30 


21 


57.1 


20 


23 


57.1 


20 


24 


60 


20 


. 30 


50 


20 


42 


50 


20 


43 


50 


10 


45 


50 


10 


46 


42.9 


0 


50 


42.9 


0 


58 


42.9 


0 


59 


35.7 


0 


70 


35.7 


0 
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Table 2 (continued) 



Number of days after day of IDDM onset 


Survival Rate (%) 


PDT treated group 


Comparative control group 


72 


35.7 


0 



[01021 The survival curves of plotting the survival rates (%) of rats evaluated in the results of Table 2 above are 
shown In Figure 2 of the attached drawings. With the survival curves of rats shown In Figure 2, the comparison between 
the PDT treated group of rats and the comparative control group of rats was made according to the Log-Ranic Test to 
reveal that P-value was 0.0345 and a significant difference was at a significance level of 5%. 
[0103] After the surviving rats were bred for the subsequent 72 days, some surviving rats of the PDT treated group 
were sacrificed under anesthesia and anatomied for the pathological study. The pancreas and the pancreatic Langer- 
bans islets were obsewed by the under mentioned procedure to obtain pathological observations of them. Thus, the 
Langerhans Islets were stained with an anti-insulin antibody by means of a commercially available kit for measurement 
of insulin (a product of Wal<o Junyaku Co.. Ltd.. Japan), whereby the Langerhans islets in the pancreas of the surviving 
rats of the PDT treated group could be stained by the anti-insulin antibody, indicating and confinning that the production 
of Insulin was effected in the Langerhans islets in the pancreas of the surviving rats, 

[01041 With the experiments above, it can be demonstrated that the macrophages having infiltrated the inflammatory 
sites of Langerhans isles in the pancreas of the IDDM rats can be killed by the PDT treatment comprising the admin- 
istration of talaporfin and irradiation of light, and consequently the insulin-producing p cells can survive, thatthe progress 
of pancreatic insulitis can thus be suppressed to inhibit an entire destruction of the pancreatic p cells, and that the 
progress of IDDM can be suppressed or delayed, and in this respect, IDDM can be treated therapeutically so thatthe 
life span of the rats of the PDT treated group can be prolonged. 

Example 1 

[0105] Talaporfin tetrasodtum salt (100 mg) was dissolved in 40 ml of sterile, distilled water for Injection, and the 
resulting solution was adjusted to pH 7.4 by addition of hydrochloric acid or an aqueous sodium hydroxide as a pH 
adjuster The entire volume of the solution so obtained was placed In vials and then lyophilized in a usual manner to 
afford a lyophilized preparation. Upon use of this preparation, the preparation in each vial was mixed with 4 ml of 
physiological saline and thereby an injectable solution containing talaporfin tetrasodium salt at a concentration of 25 
mg/ml can be prepared. 

Example 2 

[0106] Talaporfin tetrasodium salt (200 mg) was dissolved in physiological saline to a final concentration of 20 mg/ 
ml. This solution can be sterilized to afford an injectable solution for intravenous administration or intramuscular ad- 
ministration. 



Industrial Applicability 

[0107] As described hereinbefore, this invention provides pharmaceutical compositions which contain as an active 
i ngredient a photosensitizer or an X-ray absorbing substance capable of being uptaken specifically by the macrophages 
having infiltrated the inflammatory sites of Langerhans islets In the pancreas with pancreatic insulitis and which are 
usable in a PDD method or a PDT method for IDDM and pancreatic insulitis. By conducting a method comprising the 
administration of a photosensitizer or an X>ray absorbing substance capable of being uptaken by and accumulating in 
the macrophages having infiltrated the inflammatory sites of Langerhans islets and the subsequent irradiation of a 
laser light or an X-ray. it is possible to observe a fluorescence or an X-ray absorption which was produced in said 
inflammatory sites of Langerhans islets in the pancreas with pancreatic insulitis. Further, when irradiance of the irra- 
diated light or X-ray is increased, the photosensitizer or an X-ray absorbing substance present in the infiltrating mac- 
rophages can be activated to exert tiie cell-killing effect on the macrophages and thus to destroy or damage selectively 
the Infiltrating macrophages in the Langerhans islets, whereby destruction and disappearance of pancreatic p cells 
can be Inhibited or delayed and hence the progress of pancreatic insulitis and IDDM can be suppressed. Thus, diagnosis 
or therapy of IDDM and pancreatic Insulitis can be effected by this invention. 
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Claims 

1 . A diagnostic composition for diagnosing insulin-dependent diabetes mellitus and pancreatic insulitis accompanied 
by destruction of pancreatic p cells, which comprises as an active ingredient a photosensitizer having a property 
capable of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of Langerhans 
islets in the pancreas of a mammal with the Insulin-dependent diabetes mellitus. as well as a property capable of 
being activated upon absorption of a light ray of a specific wavelength to emit a visible fluorescence, in combination 
with a phannaceutically acceptable carrier for the active ingredient. 

2. The composition according to claim 1 . wherein the photosensitizer is chlorin e6, a chlorin e6 derivative, a benzo- 
porphyrin derivative, etiopurpurin. Lu-Tex. ATX-SIO. Foscan and Photofrln. and a pharmaceutically acceptable 
salt thereof. 

3. The composition according to claim 1 . wherein the photosensitizer is talaporfin represented by formula (I): 




CH2 



COOH 



or a phannaceutically acceptable salt or a solvate thereof. 

4. A method for detecting insulin-dependent diabetes mellitus and pancreatic insulitis, which comprises: 

administering to a mammal to be diagnosed an effective amount of a photosensitizer or a pharmaceutical 
composition containing said photosensitizer as an active ingredient, said photosensitizer having a property 
capable of being uptaken specifically by the macrophages having infiltrated the inflammatory sites of Langer- 
hans islets In the pancreas of the mammal, as well as a property capable of being activated upon absorption 
of a light ray of a specific wavelength to emit a visible fluorescence; 

in-adiating at least a part of the pancreas with a light ray of a specific wavelength suitable for photo-excitation 
of the administered photosensitizer. at a sufficient irradlance of the irradiated light ray, whereby the visible 
fluorescence is caused to emit In the pancreas from the photosensitizer present In the macrophages having 
uptaken said photosensitizer therein; 

observing the visible fluorescence emitted in the inflammatory sites of Langerhans islets, and 
detecting by such observation the inflammatory sites of Langerhans islets occurring in the pancreas. 

5. A method for diagnosing insulin-dependent diabetes mellitus and pancreatic insulitis accompanied by destruction 
of pancreatic p cells, by the photodynamic diagnosis method, characterized In that the method comprises: 

administering to a mammal to be diagnosed an effective amount of a photosensitizer or a phamnaceutical 
composition containing said photosensitizer as an active ingredient, said photosensitizer having a property 
capable of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of Langer- 
hans islets in the pancreas of the mammal with the Insulin-dependent diabetes mellitus. as well as a property 
capable of being activated upon absorption of a light ray of a speciffe wavelength to emit a visible fluorescence; 
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allowing time to elapse for a sufficient time which pemiits the administered photosensitizer to have been up- 
taken in the macrophages having infiltrated the inf iannmatory sites of Ungerhans isiets in the pancreas of the 
mammal; 

and after the elapse of such sufficient time, irradiating at least a part of the pancreas or the inflammatory sites 
of l_angerhans islets where the infiltrating macrophages having uptaken the administered photosensitizer 
therein are present, with a selected light ray of a specific wavelength suitable for photo-excitation of the ad- 
ministered photosensitizer, at a sufficient In-adiance of the irradiated light ray, whereby the visible fluorescence 
is caused to emit from said photosensitizer contained in the macrophages present in the inflammatory sites 
of Langerhans islets Infiltrated by said macrophages containing said photosensitizer therein, so that the mac- 
rophages present in the inflammatory sites of Langerhans islets can selectively show a fluorescence image; 
observing by an endoscope the presence or absence of the inflammatory sites containing the macrophages 
which show the fluorescence image; 

detecting by such observation the presence of the Inflammatory sites of Langerhans Islets which show the 

fluorescence image; and 

diagnosing by such detection an onset of pancreatic insulitis accompanied by destruction of pancreatic p cells, 
and an onset of insulin-dependent diabetes mellitus caused by the pancreatic insulitis. 

6. The method according to claim 4 or 5. wherein the administered photosensitizer is talaporfin of the fomnula (1) 
shown in claim 3 or a phamiaceutically acceptable salt thereof, particularly talaporfin tetrasodium salt. 

7. The method according to claim 4 or 5, wherein the administered photosensitizer is talaporfin tetrasodium salt and 
this is administered by intravenous injection at a dose of 0.1 mg/kg to 5 mg/kg. 

8. The method according to claim 4 or 5. wherein the administered photosensitizer Is talaporfin tetrasodium salt, and 
wherein after intravenous injection of talaporfin tetrasodium salt, at least a part of the pancreas or the inflammatory 
sites of Langerhans islets is or are irradiated with a red<olored laser light containing a light of 664 nm wavelength 
by means of a laparoscope or by means of an endoscope Inserted into the pancreatic duct, or by means of an 
endoscope inserted in the gastric cavity or duodenal cavity. 

9. The method accordi ng to claim 4 or 5 , wherein the visible fluorescence developed selectively from the macrophages 
present in the inflammatory sites of Langerhans islets is detected by means of a laparoscope placed near to said 
inflammatory sites or by means of an endoscope inserted in the pancreatic duct. 

10. Use of talaporfin or a pharmaceutically acceptable salt thereof, as a photosensitizer, in the manufacture of a phar- 
maceutlcal product for diagnosing by the photodynamic diagnosis method the insulin-dependent diabetes mellitus 
and pancreatic insulitis accompanied by destruction of pancreatic p cells. 

11. A diagnostic composition for diagnosing Insulin-dependent diabetes mellitus and pancreatic insulitis accompanied 
by destruction of pancreatic p cells, characterized in that the composition comprises as an active Ingredient an 
X-ray absoriaing substance having a property capable of being uptaken specifically by the macrophages having 
infiltrated the inflammatory sites of Langertians islets in the pancreas of a mammal with the Insulin-dependent 
diabetes mellitus, as well as a property capable of absorbing an X-ray upon receiving Irradiation of the X-ray, In 
combination with a phamnaceuticaily acceptable carrier for the active ingredient, 

12. The composition according to claim 1 1 , wherein the X-ray absorbing substance is a talaporf in-gold complex having 
the following formula (11): 
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HzC 




H3C- 



CH3 



3H* 



(it) 



H3C1'" 



CH3 




CH2-CO2 



or a pharmaceutically acceptable salt or a solvate thereof. 

13. A method for detecting Insulin-dependent diabetes mellitus and pancreatic Insulitis, which comprises: 

administering to a mammal to be examined an effective amount of an X-ray absorbing substance having a 
property capable of being uptalcen specifically by the macrophages having infiltrated the inflammatory sites 
of Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes mellitus, as well as a 
property capable of absorbing an X-ray upon receiving in-adiation of the X-ray; 

then in-adlating selectively the pancreas of the mammal with an X-ray beam containing an X-ray of a specific 
wavelength delivered from an X-ray generator placed outside the body of the mammal to be examined; 
observing the X-ray absorption occurring in the pancreas, by means of an X-ray radiography; and 
detecting by such X-ray radiographic observation the inflammatory sites of Langerhans islets. 

14. A method for diagnosing insulin-dependent diabetes mellitus and pancreatic insulitis accompanied by destruction 
of pancreatic p cells, characterized In that the method comprises: 

administering to a mammal to be diagnosed an effective amount of an X-ray absorbing substance or a phar- 
maceutical composition containing said X-ray absorbing substance as an active ingredient, said X-ray absorb- 
ing substance having a property capable of being uptaken specifically by the macrophages having infiltrated 
the inflammatory sites of Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes 
mellitus, as well as a property capable of absorbing an X-ray upon receiving Inradiation of the X-ray; 
allowing time to elapse for a sufficient time which pennlts the administered X-ray absort)lng substance to have 
been uptaken in the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas 
of the mammal; 

and after the elapse of such sufficient time, irradiating selectively the pancreas of the mammal with an X-ray 
beam containing an X-ray of a specific wavelength delivered from an X-ray generator placed outside the body 
of the mammal to be examined, at a sufficient irradlance of the Irradiated X-ray; 

receiving on an X-ray film the X-ray beam having passed through the body of the mammal to take a photography 
of the X-ray absorption occurring in the pancreas; 

observing in the photographed X-ray absorption image of said X-ray film the presence or absence of the X- 
ray absorption image shown by the group of the macrophages having Infiltrated the inflammatory sites of 
Langerhans islets and having uptaken specifically therein the administered X-ray absorbing substance; 
detecting by such X-ray radiographic observation the presence of the Inflammatory sites of Langerhans islets, 
with reference to the photographed X-ray absorption image of the X-ray film; and 

diagnosing by such detection of the inflammatory sites of Langerhans Islets an onset of pancreatic insulitis 
accompanied by destruction of pancreatic p cells, and an onset of Insulin-dependent diabetes mellitus caused 
by the pancreatic insulitis. 
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15 The diagnostic method acxjording to claim 13 or 14. wherein the administered X-ray absorbing substance is a 
talaporfin-gold complex of the formula (II) shown In claim 12 or a phamiaceutically acceptable salt thereof, partic- 
ularly tetrasodium salt thereof. 

16. The method according to claim 13 or 14. wherein the administered X-ray absorbing substance is a tetrasodium 
salt of the talaporftn-gold complex, and this is administered by intravenous Injection at a dose of 0.1 mg/kg to 5 
mg/kg. 

17. The method according to claim 13 or 14. wherein the administered X-ray absorbing substance is talaporfin-gold 
complex tetrasodium salt, and wherein after intravenous injection of the talaporf in-gold complex tetrasodium salt, 
the pancreas is irradiated with an X-ray beam containing an X-ray of 0. 1 63 A wavelength delivered externally from 
the outside of the body of the mammal. 

18 Use of a talaporfin-gold complex or a phamnaceutically acceptable salt thereof, as an X-ray absorbing substance, 
in the manufacture of a pharmaceutical product for diagnosing by the photodynamic diagnosis method process 
the insulin-dependent diabetes mellitus and pancreatic insulltis accompanied by destruction of pancreatfc p cells. 

19. A therapeutic composition for treating therapeutically insulin-dependent diabetes mellitus and pancreatic insulitis 
accompanied by destruction of pancreatic p cells, which comprises as an active ingredient a photosensitizer having 
a property capable of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of 
Langerhans islets in the pancreas of a mammal with the insulin-dependent diabetes mellitus. as well as a property 
capable of being activated upon absorption of a light ray of a specific wavelength to emit a visible fluorescence, 
in combination with a phamiaceutically acceptable earner for the active ingredient. 

20 The composition according to claim 19, wherein the photosensitizer is chlorin e6, a chlorin e6 derivative, a benz- 
oporphyrin derivative, etiopurpurin, Lu-Tex. ATX-S10. Foscan and Photofrin. and a pharmaceutically acceptable 
salt thereof. 

21. The composition according to claim 19, wherein the photosensitizer is talaporfin represented by formula (I) : 

H3C CH2CH3 



H.C=CH 




(I) 

COOH 



CH2CO - NH — CH — CH2COOH 

CH2 COOH 

CH2 
1 

COOH 



or a phamnaceutically acceptable salt or a solvate thereof. 

22 A method for treating therapeutically Insulin-dependent diabetes mellitus and pancreatic Insulitis accompanied by 
* destruction of pancreatic p cells, by the photodynamic therapy method, characterized in that the method com- 
prises: 

administering to a mammal to be treated an effective amount of a photosensitizer or a pharmaceutical com- 
position containing said photosensitizer as an active ingredient, said photosensitizer having a property capable 
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of being uptaken specifically by the macrophages having infiltrated the Inflammatory sites of Langerhans islets 
in the pancreas of the mammal with the ihsulln.dependent diabetes meliitus, as well as a property capable of 
being activated upon absorption of a light ray of a specific wavelength to emit a visible fluorescence; 
allowing time to elapse for a sufficient time which permits the administered photosensitizer to have been up- 
taken in the macrophages having infiltrated the inflammatory sites of Langerhans islets in the pancreas of the 
mammal; 

and after the elapse of such suffrcient time, Irradiating at least a part of the pancreas or the inflammatory sites 
of Langerhans islets where the infiltrating macrophages having uptaken the administered photosensitizer 
therein are present, with a selected light ray of a specific wavelength suitable for photo-excitation of the ad- 
ministered photosensitizer, with the in-adiation of the selected light ray being effected at an irradiance of the 
irradiated light ray sufficient to permit that the photosensitizer uptaken and accumulated in the macrophages 
having infiltrated the inflammatory sites of Langerhans islets is activated by the absorption of the irradiated 
light ray to generate active oxygen and to damage or destroy said macrophages by active oxygen; 
damaging or destroying by such light in-adiation the macrophages which infiltrate the inflammatory sites of 
Langerhans islets; and 

Inhibiting by such damage or destroy of the macrophages the destruction of the pancreatic p cells caused by 
Initial infiltration of the macrophages and subsequent infiltration of the various inflammatory cells, whereby to 
suppress or treat therapeutically the pancreatic insulitis and the insulin-dependent diabetes meliitus caused 
by the pancreatic insulitis. 

23. The therapeutic method according to claim 22, wherein the administered photosensitizer is talapoporfin or a phar- 
maceutically acceptable salt thereof, particularly talaporfin tetrasodium salt, 

24. The therapeutic method according to claim 22, wherein the administered photosensitizer is talaporfin tetrasodium 
salt and this is administered by intravenous injection at a dose of 0,1 mg/kg to 5 mg/kg. 

25. The therapeutic method according to claim 22. wherein the administered photosensitizer is talaporfin tetrasodium 
salt, and wherein after intravenous injection of talaporfin tetrasodium salt, at least a part of the pancreas or the 
inflammatory sites of Langerhans islets is or are in-adiated with a red-colored laser light containing a light of 664 
nm wavelength by means of a laparoscope or by means of an endoscope inserted into the pancreatte duct, or by 
means of an endoscope Inserted in the gastric cavity or duodenal cavity, at a light irradiance of 20 to 200 J/cnr»2. 

26. Use of talaporfin or a phamiaceutically acceptable salt thereof, as a photosensitizer. in the manufacture of a phar- 
maceutical product for treating by the photodynamic therapy method the insulin-dependent diabetes meliitus and 
pancreatic insulitis accompanied by destruction of pancreatic p cells. 

27. A therapeutic composition for treating therapeutically insulin-dependent diabetes meliitus and pancreatic insulitis 
accompanied by destruction of pancreatic p cells, characterized in that the composition comprises as an active 
ingredient an X-ray absorbing substance having a property capable of being uptaken specifically by the macro- 
phages having infiltrated the inflammatory sites of Langerhans islets In the pancreas of a mammal with the insulin- 
dependent diabetes meliitus. as well as a property capable of absorbing an X-ray upon receiving irradiation of the 
X-ray and capable of being activated by such X-ray absorption to display the electron-releasing function that can 
damage or destroy the macrophages, in combination with a phamriaceutically acceptable carrier for the active 
ingredient. 

28. The composition according to claim 27. wherein the X-ray absorbing substance Is a talaporf in-gold complex having 
the following fonnuia (II): 
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or a pharmaceutically acceptable salt or a solvate thereof. 

29. A method tor treating therapeutically Insulin-dependent diabetes mellitus and pancreatic insulitis accompanied by 
destruction of pancreatic p ceils, by the photodynamic therapy method, characterized in that the method com- 
prises: 

administering to a mammal to be treated an effective amount of an X-ray absortDing substance or a phanna- 
ceutical composition containing said X-ray absortsing substance as an active Ingredient, said X-ray absortiing 
substance having a property capable of being uptal<en specifically by the macrophages having Infiltrated the 
Inflammatory sites of Langertians islets In the pancreas of a mammal with the insulin-dependent diabetes 
mellitus, as well as a property capable of absorising an X-ray upon receiving irradiation of the X-ray and capable 
of being activated by such X-ray absorption to display the electron-releasing function that can damage or 
destroy the macrophages; 

allowing time to elapse for a sufficient time which pemrilts the administered X-ray absoriaing substance to have 
been uptaken In the macrophages having Infiltrated the infiammatory sites of Langerhans Islets In the pancreas 
of the mammal; 

and after the elapse of such sufficient time, irradiating selectively the pancreas of the mammal with an X-ray 
beam containing an X-ray of a specific wavelength delivered from an X-ray generator placed outside the body 
of the mammal to be treated, at a sufficient Irradiance of the Irradiated X-ray, with the in-adiation of the X-ray 
being effected at an adjusted irradiance of the irradiated X-ray sufficient to pemiit that the X-ray absoriDing 
substance uptaken and accumulated in the macrophages having infiltrated the inflammatory sites of Langer- 
hans islets Is activated by the absorption of the irradiated X-ray to display the electron-releasing function that 
can damage or destroy the macrophages; 

damaging or destroying by such X-ray irradiation the macrophages which infiltrate the inflammatory sites of 
Langerhans islets; and 

inhibiting by such damage or destroy of the macrophages the destruction of the pancreatic p cells caused by 
initial Infiltration of the macrophages and subsequent infiltration of the various inflammatory cells, whereby to 
suppress or treat therapeutically the pancreatic insulitis and the insulin-dependent diabetes mellitus caused 
by the pancreatic insulitis. 

30. The therapeutic method according to claim 29. wherein the administered X-ray absorbing substance is a talaporf in- 
gold complex of the formula (11) shown in claim 28 or a pharmaceutically acceptable salt thereof, partlculariy tet- 
rasodium salt thereof. 

31. The therapeutic method according to claim 29. wherein the administered X-ray absorbing substance is a tetraso- 
dium salt of the talaporf in-gold complex, and this is administered by Intravenous Injection at a dose of 0.1 mg/kg 
to 5 mg/kg. 
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32. The therapeutic method accorxling to claim 29, wherein the administered X-ray absorbing substance is talaporfin- 
gold complex tetrasodium salt, and wherein after intravenous injection of the talaporfin-gold complex tetrasodium 
salt, the pancreas is in-adiated with an X-ray beam containing an X-ray of 0. 1 53 A wavelength delivered externally 
from outside of the body of the mammal, at an energy of 5 keV to 50 keV of the inradiated X-ray 

33. Use of a talaporfin-gold complex or a pharmaceutlcally acceptable salt thereof as an X-ray absorbing substance, 
in the manufacture of a pharmaceutical product for treating therapeutically by the photodynamic therapy method 
the insulin-dependent diabetes metlitus and pancreatic insulitis accompanied by destruction of pancreatic, p cells. 
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